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Abstract:

Tetrachloro [5-(57-phenyl-3"-N-ethyl-2"-thiazolene)imino-3-N-ethyl-2-thion-1,3,4-
thiadiazole].tetanium(1V), of a new Schiff base{TiL}derived from[ tetra chloro (5- amino-3-N-
ethyl — 2 -thione-1, 3 ,4 — thiadiazole).tetanium(IV)] and(3-N-ethyl- 2-one -1 ,3,4-thiadiazaole)
have been prepared.The product was characterized by by (FT-IR) ,(UV-Vis) Spectroscopy and
elemental analysis (C.H.N.S) . {TiL}has been used as a chelating ligand to prepare a number of
metal complexes with[Cr(IL), Fe(IlI) , Ru(Ll), Rh(Il) and Au(lll)] . The prepared complexes
were isolated and characterized by using (FT-IR) and (UV-Vis) spectroscopy, elemental
analysis (C.H.N.S), Flame atomic absorption technique, in addition to magnetic susceptibility
and conductivity measurements. Molar ratio method measurement in solution gave comparable
results with those obtained from solid state studies.

The work also include a theoretical treatment of the formed complex in the gas phase, this was
done using the Hyperchem-6 program for the Molecular mechanics and Semi-empirical
calculations. The heat of formation (AH¢°) , binding energy (AEg ) and bond length (AE,) for
[ASN] , [TiA]and {TiL} ligand and their metal complexes were calculated by (PM3 and
AMBER) methods at 298 K°. Furthermore the electrostatic potential of the free ligand{TiL}
was calculated to investigate the reactive sites of the molecules .PM3 were used to evaluate the
vibrational spectra and electronic spectra of the ligand{TiL} and it's metal complexes(A1-A5)
then compare the theoretically calculated wave numbers with the experimental values by using
the [ASN] and [TiA]as authentic compounds .The theoretically obtained frequencies agreed
with those found experimentally, in addition the calculation helped to assign unambiguously the
most diagnostic bands.

The antibacterial activity for [ASN], [TiA] and free ligand {TiL} and their metal
complexes(A1-A5) were studied against two selected micro - organisms [(Pseudonomous
aerugionosa) as gram negative] and[(Bacillus Subtilis) as gram positive]. The minimal
inhibitory concentrations (MIC) have been also studied to determine the low concentration for
inhibition. The antibiotic (Ampicillin) has been chosen to compare their activity with those of
the new compounds. Further more the antifungal activity against two micro-organism
(Penicillum Spp.) and (Aspergillus flavus) were studied for all compounds. The results showed
great enhancement of activity of the complexes relative to that of their respective [ASN], [TiA]
and free ligand {TiL}.This was attributed top the synergetic effect between the metal ion and
the ligand, in addition to the differences in the structural varieties.
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Introduction:

Thiadiazoles and inparticular,1,3,4-thiadiazole derivatives, were among the various heterocyclic
that have received a great deal of attention during the last years, especially as anti-microbial agents
2 Most of the substitution have been carried out at the 2- and 5- positions of the thiadiazole ring,
these include amino derivatives, alkyl thio,disulfide and heterocyclic rings ©®.Since 2-thiol-5-
amino-1,3,4-thiadiazole does contain the (-N-C=S) moiety, which have hard (N) besides soft (S)
atoms and have a well established biological activity® °®.The introduction of azomethine group on
the thiadiazole ring is reported to have a strong of biological activities®*.

In the present paper a new type of bimetallic compounds involving [tetrachloro [5-(5"-phenyl-37-
N-ethyl-2"-thiazolene) imino-3-N-ethyl-2-thion-1,3,4-thiadiazole].tetanium(IV)] {TiL}derivative of
Schiff base have been reported and evaluation the biological activities of {TiL} and their metal
complexes.

Experimental:
(A)Physical measurements and analysis:

Melting points were recorded on gallenkamp Melting point apparatus and were uncorrected. FT-
IR spectra were recoded using FT-IR8300 Schimadzu in the range of (4000-300) cm™, samples
were measured as (Csl disc).Electronic spectra were obtained using UV-1650PC Schimadzu
Spectrophotometer at room temperature, the measurements were recorded using a concentration of
(1x10M) of the complex in chloroform as a solvent. The metal content was estimated using atomic
absorption Schimadzu AA670 Spectrophotometer. The elemental analyses (C.H.N.S) were obtained
using EA-034.mth. Conductivity measurements were obtained using Corning conductivity meter
220, these measurements were obtained in DMF solvent using concentration of (10° M) at
25C°.Magnetic susceptibility measurements were obtained at 25C° on the solid state applying
Faraday's method using Bruker BM6 instrument.

(B)Material and Methods:
All chemicals were of highest purity and were used as received.

Preparation of the ligand {TiL}:-
(1)- Preparation tetrachloro [5-amino-3-N-ethyl-2-thion-1, 3, 4- thiadiazole].tetanium(1V), [
(TiA)].

5-amino -3-N-ethyl-2-thion-1,3,4- thiadiazole (ASN) was prepared as described in literature
method®*® .Ethanolic solution of titanium chloride (TiCl,.6H,0) (0.01 mole,2.26gm) was added to
an ethanolic solution (0.01mole, 2.26gm ) of (ASN) with stirring . The mixture was heated under
reflux for one hour during this time a white precipitate was formed.

The residue was filtered off, dried and recrystallized from ethanol, to give compound (TiA).The
physical data are given in Table (1).
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(2)-Preparation tetrachloro [5-(5--phenyl-3--N-ethyl-2--thiazolene) imino-3-N-ethyl-2-thion-1,
3, 4- thiadiazole].tetanium(1V), [{TiL}].

The Schiff base {TiL} was prepared by condensing the (TiA) (0.01 mole, 3.51gm) and (5-phenyl-
3-N-ethyl- 2-one — 1,3,4-thiadiazaole) (0.01 mole,2.06gm) in ethanol ,the reaction mixture was
refluxed for (3) hours. On cooling the separated solid was filtered off, dried and recrystallized from
ethanol, the physical data are given in Table (1).
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Nn-C2Hs N... cl
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Preparation of Schiff base complexes (A1-A5):

Hot ethanolic solution of metal chloride (0.01M) [CrCl;.6H,0,FeCl3.9H,0 ,RuCl;. H,O,RhCls.
H,0Oand HAuCIl,. H,0] and (0.01M)of{TiL},were mixed in stoichiometric ratio with continuous
stirring and heated under reflux for one hour. The reaction mixture was then concentrated to half of
its original volume when complexes precipitated. The complexes thus obtained were filtered and
washed with hot water and finally washed well with hot ethanol. The complexes were dried under
vacuum. The physical data of the prepared complexes are shown in Table (1).

Study of complex formation in solution:-

Complexes of {TiL} with metal ions were studied in solution using ethanol as a solvent, in order
to determined [M: TiL] ratio in the complex following molar ratio method®®.A series of solutions
were prepared having a constant concentration[1x10*M]of the metal ion and{TiL}.The[M/TiL]
ratio was determined from the relation ship between the absorption of the absorbed light and the
mole ratio of [M: TiL].The results of complexes formation in solution were listed in Table(1).
Theoretical treatment:-

Hyperchem is a sophisticated molecular modeler, editor and powerful computational package,
that is known for its' quality, flexibility and ease of use “"®. It can plot orbital wave functions
resulting from semi-empirical quantum mechanical calculatlons as well as the electrostatic
potential, the total charge density or the total spin density can also be determined during semi-
empirical calculation, this information is useful in determining reactivity and correlating calculation
results with experimental data.

Computational methods:

a) Semi -empirical quantum mechanical
b) Molecular mechanics

c) Mopac 2000

Types of calculations:

The types“®2% of prediction possible of Molecules are:

a) Geometry optimization calculations employ energy minimization algorithms to locate stable
structures.

b) Bond distances

¢) Molecular dynamics witch provide the thermodymemic calculations and dynamic behavior of
molecules

d) Plot the electrostatic potential field (HOMO and LUMO).

e) Vibrational spectrum (I.R and Raman spectra).

f) Electronic spectrum (U.V- Visible spectra).
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Biological activities:-

The in vitro biological screening effects of the investigated compounds were tested against
selected types of bacteria which include (Pseudonomous aerugionosa) as gram negative and
(Bacillus Subtilis) as gram positive and the fungus, (Penicillum Spp.) and (Aspergillus niger) by the
Well Diffusion Method® ?? using agar nutrient as the medium. Stock solutions (10M) were
prepared by dissolving the compounds in DMSO solution. In a typical procedure, a well was made
on the agar medium inoculated with microorganisms. The well was filled with the test solution
using a micropipette and the plat was incubated at 35°C for 72 hours. During this period, the test
solution diffused and the growth of the inoculated microorganisms was affected. The second
technique was to get the sensitivity of each microorganism toward the new compounds by
determining the minimal inhibitory concentration (MIC) which was a achieved by using Tube
Dilution Method ?* 22 The (MIC) of the new compounds for each micro-organism was measured
at the lowest concentration of the compound required to inhibit the growth of this micro-organism,
these tubes containing different concentrations of the new compounds were incubated at 37 °C for
45 hours and the antibiotic (Ampicillin) has been chosen to compare their activity with those of the
new compounds.

Result and discussion:

Part (I):- Synthesis and characterization of the isolated Schiff base derivatives and its metal
complexes

(A)Elemental analysis:

The interaction of Schiff base {TiL} with appropriate metal salt under study in ethanol gave a
crystalline products with different colors depending on the metal ion. All complexes were readily
soluble in chloroform, dimethyleformamide and dimethylsulfoxide and were found to be stable
toward air and moisture, as well as they were decomposed before melting. The physical and
analytical data of [ASN], [TiA] and free ligand {TiL} and their metal complexes (A1-A5) are
given in Table (1).Results obtained from elemental analyses (C.H.N.S) and flam atomic absorption
are in a satisfactory agreement with the calculated values .The suggested molecular formulas also
supported by spectra(FT-IR) and (UV-Vis.) analyses , furthermore magnetic susceptibility and
conductivity measurements.

Table (1) Physical data for ([ASN], [TiA]) and free ligand{TiL} and its metal complexes(Al-AS)

Metal analyses found (calc.) Su ested  formula
Melting a9

point Id |v| Ti | for isolated
C% H% N% S% M% precipitate
RatIO

Bright 2026 |392 |2616 | 39.03
Yellow | 1327135 (29.81) | (4.35) | (26.09) | (39.75) - Ca HiNs S,

. 1308 |2 1147 | 2811 1382 | )
White 150-153 (13.67) | (1.99) | (11.96) | (27.35) 13.65) | C4 HiNg S, TICl,

Vellow | 287100 |82 | BT |60 | eny | vy | @89
oo | 22 (2;;418) ). (13705) (1129',?22) ?7'_1287) 1| [Cr{TiL}Cl. H,0
brown__| 20 (2222'2.3264) . ?é&._)zg?) (152!.1731) (7%.23?9) 1 | [Fe{TiL}Cl;].3H,0
52??5335” 278 (2212'6.322) . (183241) (lfé.Ggl) (lfé.Gsle) : [Rh {TiL}Cl:]
Brown | 285 (Zgiésse) . ?7'?:6) (lfd.s;ls) (Zzzé.slgz) : [C?Eég.: ¥l
21.73 1024 | 1269 14.42

Black red | 298 2250) | (201) | (9.38) | (12.86) ass4) | b [RATILICE]

C14H15Ns S3TiCly
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Infrared Spectra:-

All the recorded spectra were in the solid state using Csl .As expected, FT-IR gave a good
information about the complexation behavior of the ligand with various metal ions. The
characteristic frequencies of free ligand{TiL} and its metal complexes (Al-A5)were readily
assigned based on comparison with literature values®*%.

The FT-IR of [5-amino -3-N-ethyl-2-thion-1,3,4- thiadiazole] (ASN) Was characterized by bands
at the regions [1274,(3250 and 3531),(2960 and 2871 ) and (975)] cm™ these can be assigned to
[vC=S, WNH,, vN-C,Hs and vN-N] respectively ®? a negative shift with reduced intensity were
observed for[vC=S, vN-C,Hs and vN-N] when react with titanium tetrachloride, table(2),while no
significant change in the position of vNH,,these clearly indicate that the [5-amino -3-N-ethyl-2-
thion-1,3,4- thiadiazole] act as a bidentate chelating agent by coordinating to the titanium ion (Ti**)
through sulpher atom of the thione and nitrogen of the thiadiazole ring to form [5-amino-3-N-ethyl-
2-thion-1, 3, 4- thiadiazole].tetanium(1V), (TiA) octahedralgeometry around (Ti* complex. An
analysis the spectrum of free ligand{TiL} to their respective (TiA) complex show absence of the
absorption band at (3250 and 3531) cm™ for uNHj,,the appearance of the (C=N) stretching mode of
azomethine group at(1649) cm™ are utilized to confirm the structure of {TiL} , as well as a strong
high intensity bands appeared at (975) and (2871 and 2954) cm™ were assigned to the stretching
mode of [N-N and N-C,Hs] respectively ®¥ | table(2).In the all complexes(A1-A5) the Schiff base
{TiL} ligand behave as a tridentate coordlnatlng to the [Cr(ILI) , Fe(1ll) , Rh(III), Au(Ill) and
Ru(II)]ions throw the nitrogen of azomethine and nitrogen of the thiadiazole rings, therefore the
bands due to[uC=N, vN-C,Hs and vN-N] were shifted to lower frequencies side on complexation,
table(2).The behavior of {TiL} was further indicated by appearance of (M-N and M-CI) bands
stretching frequencies respectively @, table (2) . Abroad band was observed in the spectra of [AL,

égzza;nd A4] complexes assigned as (vO H) suggested the presence of a water or ethanol molecule

Table (2) Characteristic stretching vibrational frequencies (cm™) located in the FT-IR spectra of
[ASN] [TiA] and free Iigand {TiL} and ité metal complexes (Al Ab)

2871,2960(s) gf?fbf5 1274(”‘5
3251,35
31 (sh)

1649(ms | 2871, 2738, 1264
) 2954(ms) (m)

2863,2925(m) 1263(m) v M-S= (449)

v M-S= (449)

1596(m) | 2863,2026(m) 1262(m) gggﬂg)
2856, 2923 1264 v(0-H)
(m) (m) 3508(b)
1596(m) ?r?]‘;’S 2925 1262(m) i
1596 2856, 2925
(m)

2858,2925(m) 1263(m)

1598(m)

1262(m) 3510(b)

Where :- ( s=strong, m=medium, sb=strong broad, ms=medium strong, mw=medium week, w
=week, b=broad)
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Electronic absorption Spectra, Magnetic susceptibility and Conductivity measurement:-

The ultra violet spectra of [ASN] ,showed three absorption peaks in the regions(25641-
27027),(29412-33898)and  (36496-43478)cm ™ assignable to n— 7* and m— =n* transitions
respectively®’?® However these bands were shifted to high wave length when titanium
tetrachloride coordinating with[ASN]through the sulfur of carbonyl and nitrogen atom of
thiadiazole ring.

The [TiA] complex was diamagnetic as expected for [d°] ion; therefore the UV-Vis. Spectra of the
complex show relative change in the band position compared to that of [ASN] alon, table (3). The
conductivity measurements indicate a non conductive behavior of the complex table (3).

The UV.spectrum of Schiff base{TiL}igand showed an intense band at (40820)cm™ with a weak
shoulder at(36680)followed by a strong intense bands at (32260)cm™ and (26954)cm™. The former
two above bands may be due to =— w*transition® in a heterocyclic thiadiazole moiety, whereas
the latter two bands indicates a n— 7* transitions in an extended conjugated system which arises
due to greater delocalization (azomethiane group and thiadiazole ring)of the n-electron resulting in
a bath chromic shift®” .

As further structural tools, electronic spectral (were recorded for their solution in chloroform in the
range [200-900]nm),magnetic susceptibility (at room temperature) and conductivity (in DMF as a
solvent)studied have been used to confirm the geometry of the (A1-A5) complexes .

(A1) :- Electronic spectrum of the dark green Cr(Ill) complex in chloroform solution, showed tree
absorption band , the first at (16393)cm™ a second band at (26953) cm™ and the absorption band at
(35875) cm™, which came in accordance with the published data for octahedral Cr(111) complexes®
D as well as the ratio (v2/ v1 )( 1.6) lies close to that required for octahedral geometry®>33 The
values of (10Dq, Dg/ B- , B- and PB) have been calculated to be (16120,1.65,977 and1.06)
respectively. The measured magnetic moment (3.86 B.M). Conductivity in (DMF) showed that the
complex non ionic, table (3).

(A2) :-The solution spectrum of the dark brown Fe(lll) complex shows three absorption bands at
(16530,21200and 25920)cm *which are assigned to the transitions:- °Aig —*T1g, ®A1g —*T.g and
{TiL}—Fec @ ,The values of (10 Dg, Dg/ B- ,B- and B) come out to be (14760,1.7,868 and0.67)
respectively. The magnetic moment of the present complex is (5.69 B.M) with five unpaired
electrons and octahedral configuration®** . Conductivity measurement showed the complex was
non ionic, table (3).

(A3) :- The solution spectrum of the brownish-Yellow Rh(Ill) complex gave weak bands at (18068)
cm™and a shoulder at (22934) cm™ these two bands correspond to those of octahedral Rh(lIl)
complex®3" and were assigned to'A;g—*T:g and *A.g—' T,g transition respectively ¢*3%. The
values of (10 Dqg, Dg/ B- ,B- and PB) came out to (22171,2.03,410 and 0.57) respectively. The
observed magnetic value (1.95 B.M) of the present Rh(lll) complex (d°) configuration agree with
octahedral geometry around metal ion, this result indicates higher orbital contribution®®.
Conductivity measurement in (DMF) showed that the complex to be non ionic, table (3).

(A4) :- The UV-Vis spectrum of the prepared Au(lll) complex is largely dominated by charge
transfer band at (38682)cm™ the other bands at (33642) cm™ which is a shoulder on the previous
one , as well as the weak band at (27855)cm™, are assigned as ligand field bands due to the
transitions:- 2A,g—>T,g and*A,g—°>T.1g ,these assignments when compared to those published for
octahedral low spin Au(lll) complexes®2*2¢39) " it show good compatibility ,s0 octahedral
stereochemistry is suggested for the named complex. The observed high magnetic value (1.82 B.M)
of the present Au(I11) complex(d®) configuration agree with octahedral geometry around metal ion,
this result indicates a higher orbital contribution around Au(I11) ©” .conduct metric measurement in
(DMF) showed a non conductive behavior of the complex, table (3).

(A5) :-The electronic spectrum of Ru(lll) complex in chloroform gave four absorption bands
appeared at  (16889,19610,27722 and  34053) cm* following octahedral field
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with(d®)configuration®"4%#2) The effective magnetic moment at room temperature was found to be
(1.89 B.M) revealing inner-orbital low spin octahedral stereochemistry of the{TiL}ligand around
Ru(111) metal ion®*Y. Conductivity measurement showed that the complex wasn't ionic, table (3).

Table (3) Electronic spectra (in CHCI3), Magnetic moment (B.M) and Conductance in
(DMF) for[TiA] and free ligand{TiL} and its metal complexes

Comp. | Bands .
No. IM 10Dq . | Suggested structure

n— ¥
T — ¥ Octahedral
n— w* '

n— ¥
%
T n* Octahedral
T—T
n— w*
—*T,g(F)
“Asg Octahedral
—*T1g9(F)
—*T.g(P)
6A1g —>4Tlg
*Arg —*Tog Octahedral
{TiL} —Fecn '
1A1g _)BTlg
'Aig —'Tig Octahedral

2A2g —>2T29
Azg — Tlg
{TiL}>AucT
)

Tg—*T1g
T,g —*Tog Octahedral
T,g—2Eg
2T1 g _)2 Alg

Octahedral

Part (I1):- Spectrophotometer study of Schiff base complexes formation in organic solvent
Molar ratio method:

The compositions of the (A1-A5) complexes have been studied by the molar ratio method. The
results of complexes in ethanol as a solvent, suggest that the metal to ligand ratio was [1:1] for all
complexes, which were comparable to those obtained from solid state study, as is shown in Table
Q).

Part (I111):- Theoretical study of Schiff base and their metal complexes in gas phase
A) Electrostatic Potentials:

Electron distribution governs the electrostatic potential of the molecules. The electrostatic
potential (E.P) describes the interaction of energy of the molecular system with a positive point
charge. (E.P) is useful for finding sites of reaction in a molecule; positively charged species tend to
attack a molecule where the electro static potential is strongly negative (electrophonic attack) " .
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The (E.P) of the free ligand {TiL} was calculated and plotted as 2D contour to investigate the
reactive sites of the molecules, Fig (1). Also one can interpret the stereochemistry and rates of many
reactions involving “soft” electrophiles and nucleophiles in terms of the properties of frontier
orbital (HOMO, highest occupied molecular orbital) and (LUMO, lowest unoccupied molecules).
The results of calculations show that the LUMO of transition metal ions prefer to react with the
HOMO of(N-N) , (C=N) and (-N-C,Hs) for {TiL} ligand.

Fig. (1):- Electrostatic potential (HOMO and LUMO) as 2D contours for Schiff base {TiL}
A) Optimized geometries and energies:

The conformations of the ligand and complexes obtained from molecular mechanics
calculation were fully re-optimized to estimate the binding energy and the enthalpies of formation
for the free ligand{TiL} and their metal complexes by using the (PM3 and AMBER) semi-
empirical methods at a value of Geometry Optimization constant (0.01Kj/mol) for the ligand and
their metal complexes, as is shown in Table (4) .

Table (4) Conformation energetic in (Kj. mol™) for Schiff base and their metal complexes

- 4021.25
-3575.32
-3399.18
-3061.77
-2999.79
-2972.84

B) Optimized vibrational spectra for {TiL} and their metal complexes (A1-A5):

The vitrational spectra of the free ligand {TiL} and their metal complexes (A1-A5) have been
calculated, Table (5). The theoretically calculated wave numbers for {TiL} and (A1l-A5)
compounds showed that some deviations from the experimental values, these deviations are
generally acceptable in theoretical calculations ™. The most diagnostic calculated vibrational
frequencies were chosen for the assignment of {TiL}ligand and (A1-A5) metal complexes which
are included in Table (5), Fig(2) and their respective experimental vibrational modes are shown in
Table(2).

The results obtained from the theoretical calculated wave numbers for the ligand were compared
successfully with the calculated frequencies of [5-amino-3-N-ethyl-2-thion-1, 3, 4-
thiadiazole].tetanium(1V) , [ (TiA) ] as  authentic sample to predict the deviation or error caused
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from the difference between the experimental measurements and theoretically calculated results of
the vibrational spectra, Table (5).

The results obtained for the theoretical calculations of the frequencies of v(C=N), v(-N-C;Hs)
,v(C=S) v(NH)and v(N-N) for (TiA), {TiL} ligand and (Al-A5) complexes as well as v(M-N),
v(M -Cl) and v(O-H) which agreed well with those obtained with the experimental values in
Table(2) .

Table (5) Comparison between the experimental and theoretical vibational frequencies (cm™)
For [TiA],free ligand {TiL} and their metal complexes (A1-A5) (cm-1)

.MME--“MM
No

[TiA] (28432024)% | (3498)* | (1288)* | (946)* (508)* 379 | (451)*
- (2863,2025)* | (3530)** | (1263)** | (945)** (506)* | (380)** | M-S= (449) **
- [0.70,0.03] ** [0.91] 7 | [1.94] " | [0.11]" [0.39] [0.26] " | [0.44]
|§TiL (1647) | (2860,2720.2950) | _ (1260 | (969.940) | (510)* (380)% | (453)* ‘
(1649) | (2871,2738,2954) | _ (1264)** | (975,945)** | (506)** | (382)** | M-S= (449) **
| [012] |[0.07,0.330.14] | 0321 |[0.62,053]" | [0.78] | [0.53]"" | [0.88]
A | 1989 | 2geg 2046 | - (1260)* | (918)* (515)* (395)% | (3510) *
| (1596) | 2g63.2006)%* | - (1262 | (921y* 512** | oy | VO-H) (3504)
[0.44] [0.17,0.68] - [0.16] " | [0.33]" [0.58]" [1.01]7" | [0.17]
A2) | 1598) | oge720a0p% |- (1268)* | (916)* (508)* (390)* | (3512)*
(1588) | (2856, 2023 | - (1264)** | (923)** 510y | 38y | (O-H) (3508)
(063 | p3g 058 |- 0321 | [0.76]™ [039]™ | [0.26] |[0.11]
a3) | 199 | ogge 2031y |- (1268)* | (929)* (517)* (390)* | -
(1589) | 7858 2025y | - (1263)%* | (920)** (515 | (387 | -
[0.44] [0.28,0.20] - [0.39] " | [0.97] [0.38] [0.7717 | -
Ag) | 1987) | ogsg 2gagyx | - (1266)* | (929)* (510)* (389)% | (3512)*
(1596) | (2856, 2025 | - (1262)** | (923)** (512 | (300)** ‘()?Egl'('j)l*
0571 | 007 0717 |- (0321 | [0.65]™ [0.39]™ | [0.26] |[0.06]""
as) | (1990 | og53 2092y« |- (1268)* | (920)* (508)* (390)* | -
(1598) | 2g5g, 2go5)ex | - (1263)* | (921)** (B10)* | (391)** | -
[0501" | 1§ 15 0107 |- (0391 | [o.115™ [0.39]™ | [0.26]™ |~
Where:-

*Theoretical frequency.
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**Experimental frequency.
***Error% due to main difference in the experimental measurements and theoretical treatment of
vibration spectrum

Fig. (2):- Virational frequencies for Schiff base {TiL}

C) Theoretical electronic spectra for the free ligand {TiL} and its metal complexes (A1-A5):

The electronic spectra of the free ligand and its metal complexes have been calculated and the
wave numbered for these compounds showed some deviations from the experimental values as
shown in Table(6).These deviations in theoretical calculation are generally acceptable due to
couplings between the electronic spectra modes and the approximation that each normal mode of
the electronic spectra inter acts independently electronic spectra beam ™®. The most diagnostic
calculated electronic spectra were chosen for the assignment of the free ligand {TiL} and their
metal complexes (A1-A5) which their respective experimental electronic modes as shown in Table
(3). All the theoretical electronic spectra of [{TiL} and (A1-A5)] compounds were calculated by
using the semi- empirical (PM3) and (AMBER) methods at Geometry Optimization (0.01K.Cal.
mol™) was used, and the comparison between of the experimental data and theoretical data of the
electronic spectra for {TiL}free ligand and (Al1l-A5) their metal complexes showed that the
percentage of error was with in the range of (0.33-1.71), as is shown in Table (6).
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Table (6)
Comparison between the experimental and theoretical of the electronic spectra for {TiL} free ligand
and (Al1-A5) complexes

(244)*, (246)**, [0.82]
(300)*, (298)**, [0.67]"
(378)*, (373)**, [1.32]
(246)*, (245)**, [0.41]
(275)*, (273)**, [0.73]"
(308)*, (310)**, [0.65]
(368)*, (371)**,[0.82] n—n*

(612)*,( 610)**, [0.33] “Asg —"To0(F)
(375)*,(371)**, [1.07] *Arg - T1g(F)
(281)*, (279)**, [0.71] *Arg —*T19(P)
(608)*, (605)**, [0.49] *Arg - Tqg
(469)*, (472)** [0.64] °*Arg —*Tog
(351)*, (349)** [0.57]: {TiL} —Fec.r
(550)*, (553)**, [0.55] IAg —>°Tig
(438)*, (436)**, [0.46] 'Ag —'Tig
(362)*, (359)**, [0.83] SArg —°T,g
(292)*,(297)**, [L.71] *A,g —°T1g
(257)*,(259)**, [0.78] _ {TiL} —>Auc
(594)*, (592)**, [0.34] T,g—"T1g
(513)*, (510)**, [0.58] Tog —Tog
(360)*, (361)**, [0.28] T,g—°Eg
(290)*, (294)** [1.38] Tig —>2Asg

*Theoretical transitions band of electronic spectra, **Experimental transitions band of electronic
spectra,

““Error% due to main difference in the experimental measurements and theoretical treatment of
electronic spectra.

D) Bond lengths measurements for {TiL} and their metal complexes (A1-A5):

The Gaussian suite of software was employed throughout this study optimizations were carried
out for the model systems represented in fig.(3). The initial state for structure didn’t give bond
lengths naturally so that the geometry optimization was used for correct bond lengths, calculation
parameters were optimized of bond lengths for the free ligands and its metal complexes by using the
semi-empirical (PM3) method at geometry optimization (0.001 Kcal / mol), to give excellent
agreement with the experimental data ®%, as it shown in Table (7), fig.(3).
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IRotate out-of-plang

Fig. (3):- Bond lengths (A°) for {TiL} ligand and their metal complexes (A1 — A5)
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Table (7) Selected bond Iengths (Ao) for {TiL}Iigand and their metal complexes [Al - A5]

C) Optimized geometries of {TiL} and their metal complexes (A1-A5):

All theoretically probable structures of {TiL}schiff base and their metal complexes have been
calculated by (PM3) and (AMBER) methods in gas phase to search for the most probable model
building stable structure , Fig(4)
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Fig :-( 4) Conformational Structure of {TiL} and their metal complexes (A1-Ab)

Biological Studies:-

The new synthetic compounds were screened in vitro for their ability to inhibit the growth of
representative [(Pseudonomous aerugionosa) as gram negative] and [(Bacillus Subtilis) as gram
positive]. Also the study was done against (Candida albicans and Aspergillus flavus) fungus, in
DMSO as a solvent at two different concentrations. The results showed that the (ASN and TiA)
compounds are moderate activities against the studied bacteria and fungus as compared with their
Schiff base ligand {TiL} against the same microorganisms and under the identical experimental
conditions, Table(8),this difference attributed to effect of introducing the pharmacologically
important Schiff base moiety in the structure of the prepared free ligand.

The [A1-A5] complexes were found to be more toxic than the corresponding parent ligand {TiL}
against all the types of the microorganisms Table(8), this was attributed to the synergetic effect’®!2
between the metal ion and the ligand. Furthermore the results of the (MIC) study for the (ASN and
TiA) and{TiL} and their metal complexes [A1-A5] are shown in table (9), these results indicate
that some of the new compounds exhibited antibacterial activity against the studied bacteria at
lower concentration, while they don’t show such activity at higher concentration. As well as the all
compounds were more active at lower concentration on comparison of these values with the
antibiotic.

Table (8) Antibacterial and antifungal activities for (ASN) [ TiA] and free ligand{TiL} and their

Metal Complexes (A1-A5) (mgm.ml™)

Pseudonpmous Bacillus Subtilis Penicillum Spp. || Aspergillus flavus
aerugionosa

Control
(DMSO
)
(ASN)
[ TiA]
{TiL}
(A1)
(A2)
(A3)
(A4)
(AS5)

Where :[6-8: (+),8-10: (++), >10: (+++)] || 30-40: (+++), 20-30 :(++++) , 10-20: (+++++)
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Table (9) Minimal Inhibitory Concentration (MIC) for (ASN) [ TiA] and free ligand{TiL} and their
Metal Complexes (A1-A5) (ugm. ml™)

Pseudonomous aerugionosa Bacillus Subtili

Ampicilli
n
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